before lateral dendritic branching occurs, i.e., at 16-17 Flamingo, therefore, affects dendritic outgrowth in a hr after egg laying (AEL). The embryos were then allowed pathway different from the pathway that involves Frizto continue their development, and the same dorsal cluszled and Flamingo in planar polarity determination.
ters were reexamined 5-6 hr later. Following ablation of neurons that would normally extend lateral dendrites toResults ward the anterior segment boundary, the remaining neurons sent their dendrites toward the posterior segment md Neurons in the Same Dorsal Cluster Have Their boundary as in control embryos ( Figures 1D and 1E ).
Characteristic Dendritic Fields
Likewise, ablating those neurons that extend their lateral Dendritic morphogenesis can be monitored in living Drobranches posteriorly did not affect their neighboring sophila embryos (Gao et al., 1999). The Gal4 line 109(2) neurons, which continued to extend their lateral den-80 drives GFP expression in all six multiple dendritic (md) drites anteriorly ( Figure 1F ). These results suggest that neurons in each dorsal cluster. The bipolar dendritic within the same dorsal cluster, the formation of the den-(bd) neuron and the tracheal innervating neuron are also dritic field of an md neuron is independent of its neighlabeled, whereas the four external sensory (es) neurons boring neurons. in the same cluster are not labeled (Figures 1A and However, the experiments mentioned above have potential caveats. It is possible that, prior to their ablations, 1B). Each md neuron sends out its dendrites to cover these neurons already exerted their influence on their rons ( Figure 3B , marked by plus signs) during embryogenesis had no gross effect on the dendritic field neighbors. It is also conceivable that after laser ablation, the corpses of these neurons could influence the denof the remaining neuron in the third instar larval stage ( Figure 3B , the neuronal soma is marked by an arrowhead, dritic fields of the remaining neurons. To avoid these potential caveats, we examined the dendritic fields of and its dendritic field includes the area in the white square). These three neurons are clearly different, as md neurons in atonal mutant or achaete scute double mutant embryos. The atonal, achaete, and scute genes indicated by their different dendritic patterns ( Figure 3A ). are proneural genes (Jan and Jan, 1993). In these proneural mutants, the precursors of specific subsets of neurons are missing, so the neurons never form. atonal Competition between Dendrites of Homologous md Neurons in Contralateral Dorsal Clusters mutants exhibit loss of chordotonal organs and occasionally one or two md neurons in the lateral cluster In embryos, the dorsal midline can be easily defined by anti-MEF-2 or anti-Numb antibody staining (Gao et al., (Jarman et al., 1993). In the cases in which one MD neuron is missing in the lateral cluster, the remaining 1999). In larvae, the dorsal midline is defined based on its equal distance to both dorsal clusters of PNS sensory md neuron exhibits normal branching patterns and does not invade the areas normally covered by the dendrites neurons in the two hemisegments. During larval development, the dorsal dendrites of homologous md neuof the missing neuron, such as in the small area indicated by the red square (Figures 2A and 2B) . rons grow toward the dorsal midline. Near the end of the first instar stage, these dendrites meet at the dorsal Mutants lacking both achaete (ac) and scute (sc) gene functions provided an additional test for the potential midline, but their dendritic fields have only minimal overlap. At the third instar larval stage, some of these denrole of competition between neighboring neurons in shaping dendritic fields. In these mutant embryos, only drites clearly make 90Њ turns and appear to avoid each other near the dorsal midline (indicated by the red arrow one md neuron remains in the dorsal cluster while all other five md neurons fail to form (for reviews, see Ghyin Figure 3C ). Some other dendrites cross the dorsal midline, displaying minimal overlap with the dendrites sen and Dambly-Chaudiere, 1988; Campuzano and Modolell, 1992), thereby leaving the single md neuron with extended from the contralateral cluster. The behavior of these dendrites suggests that they may repel each the whole territory for its dendritic arborization to form free of competition ( Figures 2C and 2D) . The dendrites other near the dorsal midline. When the two md neurons ( Figure 3B , marked by plus signs) were ablated in one from this one md neuron extend toward its adjacent segment boundary and leave empty the areas normally hemisegment during embryogenesis, the dendrites of the same subtype of md neurons from the contralateral covered by the dendrites of the other five md neurons ( Figure 2E ). Taken together, these genetic and laser abhemisegment cross the dorsal midline and much more robustly overextend during larval development, partially lation experiments reveal that md neurons in Drosophila embryos extend their dendrites to cover specific fields.
invading the area normally covered by the dendrites of ablated neurons ( Figure 3D ). Overextension of dorsal It is unlikely that these dendritic fields are specified by competition between neighboring neurons. dendrites was observed in each of the 15 ablated segments. Invasion by dendrites from adjacent segments The lack of competition between different md neurons within the same dorsal cluster is evident throughout was also observed when four md neurons were ablated (data not shown). These studies suggest that dendritic larval development. Ablation of two neighboring neu- Figure 4A ) is a thin process. In fmi 72 mutant Dendritic morphogenesis in Drosophila embryos and embryos 17 hr AEL, the overextension of some dorsal larvae can be separated into two distinct phases. In the dendrites is already apparent, before the extension of first phase, which lasts until the end of embryogenesis, lateral dendrites (not shown). At 21 hr AEL, one dorsal dorsal dendrites stop extension short of the dorsal middendrite (indicated by the arrowhead in Figure 4B ) is line, and then lateral branches form to cover the hemialready overextended toward the dorsal midline, while segment between segment boundaries. Thus, at the end another dorsal dendrite (indicated by the arrow in Figure of embryogenesis, the area near the dorsal midline is 4B) has just started to extend. In fmi 72 mutant embryos, devoid of dendrites. In the second phase, from the first the overextension appears to be only in the dorsal directo the third instar larval stages, the dendrites of a few tion. In contrast to wild-type embryos, the shape of the md neurons reinitiate growth dorsally until they reach tip structure changes rapidly while the dendritic branch the dorsal midline. It thus appears that there are two elongates at roughly 0.3 m per minute. These observa-"stop" mechanisms that restrict dendritic outgrowth: tions indicate that the dorsal dendrites overextend abone sets the limit of dorsal dendrite extension at late normally and fail to stop at the proper length during embryogenesis, and the other prevents overlap of denembryogenesis. The mutation in fmi 72 may disrupt its drites of homologous neurons near the dorsal midline function in a signaling pathway that limits dorsal denat larval stages. drite outgrowth. The dendritic overextension phenotype From a genetic screen (Gao et al., 1999), we isolated is also seen in other fmi alleles we isolated from our several mutants in which dorsal dendrites overextend genetic screen, as well as in embryos homozygous for toward the dorsal midline during late embryogenesis. the null allele fmi E59 (data not shown). Several of the mutations mapped to flamingo, also known as starry night, which encodes a large protein containing nine extracellular cadherin repeats, three Figure 5C ). Even in unablated segments, dorsal dendrites extending from the two conas well as on bd neuron and md neuron dendrites ( Figure  6B ). Before cuticle formation, the dorsal dendrites of tralateral dorsal clusters overlapped extensively ( Figure  5C ). By contrast, in wild-type larvae 10-12 hr after hatchmd neurons are still relatively short and show moderate staining by Flamingo antibody. Flamingo is also exing, the dendrites of homologous neurons meet at the dorsal midline with no overlap (Figures 5D and 5E ). The pressed in CNS axon tracts in embryos (data not shown), and localizes to the adherens junctions between embryextent of overlap of dendrites in fmi 72 mutant larvae 10-12 hr after hatching is so extensive that it was difficult onic epithelial cells (Figures 6C and 6D ). to trace individual dendrites. As shown in Figure 5F , dendrites from a fmi 72 mutant larva 1-2 hr after hatching Cell-Autonomous Function of Flamingo in Dendrite Development have already crossed the dorsal midline and displayed overlap not seen in wild-type larvae even 10-12 hr after To test whether Flamingo has a cell-autonomous function in dendrite development, we performed genetic reshatching ( Figure 5E ). This study reveals that in fmi 72 mutant larvae, homologous md neurons in contralateral cue experiments in which UAS-Flamingo was expressed in md neurons of flamingo mutant embryos, using both clusters have overlapping dendritic fields, suggesting that the competition between these dendrites is abolGal4 1407 and Gal4 109(2) 80 as drivers. The dendritic overextension phenotype could be partially rescued ished.
( Figure 7C , Table 1 ). We found that dendrite development in these mutant embryos was indistinguishable from that in wild-type embryos. It has been demonstrated that both the loss-of-function and overexpression of Fz and Dsh disrupt planar polarity. However, overexpression of Frizzled or Dishevelled in md neurons driven by Gal4 line 109(2) 80 did not give rise to any detectable dendritic phenotypes. Over 50 embryos were examined in each study involving Frizzled or Dishevelled. Taken together, these studies indicate that whereas Flamingo functions downstream of Frizzled in specifying planar polarity, the function of Flamingo in controlling dendritic outgrowth is independent of Frizzled.
Discussion
In this study, we examined the role of competition between neighboring neurons in shaping their dendritic fields in the Drosophila PNS. We found that the formation of md neuron dendritic fields during embryogenesis is not affected by neighboring neurons in the same cluster. Later, in larval stages, competition between homologous neurons from contralateral hemisegments does ments 2-7, there are six multiple dendritic (md) neurons that are thought to function as touch receptors or proprioceptors (Bodmer and Jan, 1987). Each md neuron tant embryos. However, the overextension of dorsal in the same cluster has its own distinctive dendritic dendrites caused by the overexpression of Flamingo morphology and dendritic field, raising the possibility is much less dramatic than that seen in fmi 72 mutant that these md neurons may have their own unique funcembryos (Table 1 ). In the first instar larval stage (a couple tions. Studies of the moth, Manduca sexta, have identiof hours after hatching), the overextension of dorsal fied in the larvae at least three types of md neurons with dendrites is more extensive (Figure 7F) 
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